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DYNAMIC INVESTIGATIONS OF SUCTION VALVES IN A SMALL 
REFRIGERATING COMPRESSOR 
Marian Luszczycki, Docent, Instytut Aparatury Przemyslowej i Energe-tyki, Politechnika Krakowska, Krak6w, Poland 
INTRODUCTION 
Designers drafting valves, which are the most essential elements of high-speed com-pressors, are faced with many problems so-lving of which goes beyond the limit of theoretical considerations. Therefore it is necessary to carry on comprehensive and penetrating laboratory investigations wit-hin this field. Such investigations are an experimental verification of numerous cal-culation methods and computer simulation 
progr~. Badly designed valves can be an origin of heavy energy losses. There are common structures of high-speed compres -sora, in which energy consumption necessa-
ry for overcoming the flow resistance th-rough valves, ranges from 20-25% of indi-cated power [1 ,2,3,5,7]. 
Valve work can be affected by many factors like: compressor rotary speed, average pis-ton speed, flow velocity in valve sizing, suction and discharge pressure, pressure pulsation in the installation, spring cha-racteristics, lift quantity, mass of the valve movable parts, friction and aerodyna-mical properties of the valve. Thus, it is very difficult to consider in calculations all these factors, especially in the case of changing conditions of the compressor work. The most unfailing way of the valve structure appreciation can be obtained on the grounds of plotted graphs of the valve 
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plates displacement and records of pressu-re runs in the cylinder and in valve cham-bers. The complete set of charts, drafted in normal conditions of the compressor work, affords a possibility of many-sided analysis of the valve work. At the present moment charts of the valve plates displa-cement are plotted mainly with a help of 
electrical methods, by means of non-con-
tact capacitance transducers or inductance transducers [3,4,6,7]. 
RECORDING OF CHARTS OF THE VALVE PLATES 
DISPLACEMENT 
Charts of the valve plates displacement 
have been plotted by means of the capaci-






Fig. 1. A sche~e of the oapacitau
oe traps-
duQer iustallation in the valve: 
1 - sle-
eve, 2 - mandrel, 3 - insulation, 4
 ~ val-
ve case, 5 - valve plate. 
tion to the sleeve, can be describ
ed by 
the following expre~sion: 
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= 0,0886 (pF/om] - absolute permittivity 
of f;ree space, 
E. - coefficient of rt:~lative pen
ittivit;y 
g 
of compressed gas, 
d1 - insid
e sleeve cUameter iD [omJ , 
d2 - mandr
el diameter in [em]. 
Having assumed that the value of 
the rela-
tive permittivity for gases is pr
Mtically 
f. = 1, and replacing numerical va.:Lue tor g 
c:
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Substitutiug expression /"2/ by a 
ooncrete 
value of diameters re1ation, whic
h is 
~b. 
t6 c = -..-.-
1,8 lnZ 
(p~- • • • • • • • •- • • t] • • • • • • ~ • .. /3/ 
:Qependenoe /3/ allows tQ calculate a
 rela-
3a3 
tion iJC/~h called the traQBducer
 sensiti-
vity, the value of which is ..::10/
Llh~ 0,80 
(pF/cm] = 0,08 [pF/mm]. 
The interaction of the transducer
 on the 
valve is very slight. Small overa
ll dimen-
sions allow to install it in such
 a way 
that it hardly creates any disturb
ances in 
the flow of gas through the valve
 [3,4,?]. 
Being a non-contact transducer it
 does not 
create any additional deformation
s caused 
by friction. It is only a mandrel
, fixed 
directly to the valve plate, that 
causes an 
increase of its mass. Accorditlg to
 Sochting 
[6] , the increase of the movable m
ass up to 
10 % is of no importance because it 
does 
not change the character of the m
otion. 
The mandrel mass is essential in 
practice, 
when examiDing small compressors, 
the valve 
plates of which have small mass. 
That is 
why the mandrel in the discussed 
case has 
been produced from the aluminium, 
and its 
length has been limited to the D
ecessary 
minimwn. 
The capacitaDce transducer can be
 a pa~ 
of a measurit~g system with the ca
rrier fre-
quency, as well as an element of 
a measu-
ring system fed With direct curre
nt. The 
author mostly uses a measuring sy
stem fed 
with direct current, which has be
en pre-
sented iD Fig. 2. This system is 
based on 
the 1Ddication apparatus set prod
uced by 
RFT firm and comprises: a cathode 
oscillos-
qope, capacitauce transducer of th
e crank 
aogle or the piston travel and de
ad centre 
signs, direct current amplifier fo
r verti-
cal deformations and aD amplyfyin
g set for 
horizootal deformations. The capa
citance 
transducer has been fed with dire
ct our-
rent of regulated voltage in the 
range of 
100 - 180 V. By means of such a m
easuring 
system charts of valve plates disp
lacement 
can qe drafted as a functioD of the pi
ston 
travel, crank angle or time. In o
rder to 
analiza the valve functioniog, ch
arts draf-
Fig. 2. A block scheme of a measuring sys-
tem: 1 - capacitance transducer, 2 - coa-
xial cable of small capacitance, 3 - di-
rect current amplifier, 4 - cathode oscil-
loscope, 5 - amplifying set for horizontal 
deformations, 6- transducer of the crank 
angle and dead centre signs of the piston, 
7 - out-out, 8- potentiometer. 
ted as a function of the piston travel are 
the most advisable. According to the veri-
fying examinations, angle steel deviations 
in that case do not go beyond 2°. The mea-
suring system with the capacitance trans-
ducer has a linear characteristic, if the 
mandrel is located centrally in the sleeve. 
The linearity of the characteristic is 
practically maintained when the eccentri-
city of the mandrel location in relation 
to the sleeve does not exceed 20 % of the 
distance d1 - d2 [4,6] • 
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SUBJECT OF INVESTIGATIONS AND METHOD OF 
THEIR REALIZATION 
A subject of investigations was a suction 
valve in a small refrigerating compressor 
/cylindrical diameter D = 40 mm, piston 
travel S = 35 mm, rotational speed n = 970 
r.p.m./. The compressor enters into the 
composition of a refrigerating machine wor-
king on freon 12, the nominal efficiency 
of which is about 2100 kJ/h at nominal 
parameters /+40 °0, -15 °0/. The compres-
sor is equipped with a reed type suction 
valve of the following features: 




average speed in sizing 




= 9 mm 
2 Ag = 1,272 em 
wg = 11 m/s 
h = 2,1 mm 
In the investigations two plates of 0,2 mm 
each have been used. Figo 3 shows their 
shape and the place where the mandrel was 
attached to the plate. As formerly, the 
plates are called "a" and "b 11 , according 
to the notation presented in Fig. 3. On 
the example of plate "a" an influence of a 
change of the lift limiter depth upon the 
valve functioning will beinvestigated. 
Fig. 3. Plates valve used in investiga-
tions. 
Charts of the suction valve displacement 
have been drafted for different parameters 
of the refrigerating machine functioning 
on a research atand specially adapted for 
this purpose. Parameters of the refrigera-
ting machine functioning have been esta-
blished by regulating the expansion valve, 
regulated heating of evaporator and throt-
tling of the air which refrigerates the 
condenser. A regularity of the required 
parameters establishing has been control-
led on the grounds of pressure and tempe-




Condenser Evaporator Suction 
+40 -25 
+40 -15 
+40 - 5 
+45 + 5 
+60 + 5 
pipe and the pressure measurement in the 
discharge connector pipe of the compressor. 
During the investigations precision of 
pressures was ±o,1 at and precision of 
temperature was ±1 °0. Table 1 shows a set 
of parameters of the refrigerating machine 
functioning during a record of charts of 
the valve plates displacement. 
RESULTS 
Fig. 4 presents oscillograms of charts of 
"a" aod "b" plates displacement, drafted 
at different parameters of refrigerating 
machine functioning, when the lift limiter 
depth was 2,1 mm. Fig. 5 describes osoil-
1ograms of charts of the "a" p1ate displa-
cement, drafted at the same parameters of 
the refrigerating machine fuoctioning, 
when the depth of 11ft 1imiter was 3 mm. A 
set of charts in the figures corresponds 
with a set of parameters in Tab1e 1. 
Ana1ysis of the chart shape of the plates 
displacement a1lows to state that it is 
favourable except cases /+40 °c, -25 °c; 
and /+40 °C, -15 °C/. At the same time in 
all case~ appear oscillations of the plate 
in the phase of openiog. Angles of the val-
ve opening change continuously together 








However, absolute va1ues of the va1ve ope-
ning delay are relatively high. Va1ve c1o-
sure happens without a reflection about 
25° after the outer deap centre~ Charts of 
the p1ate displacement at two greatest io-
vestigated compression ratios gives evi-
dence of an unfavourable valve functioning. 
In those cases the va1ve opens at a re1a-
tively high speed of the va1ve, then occur 
strong valve impaots against the 1imiter 
and a new a1most comp1ete .c1osure of the 
valve. ID the course of the opening phase 
the plate osci11ations decrease and the 
phase of c1osing takes a norma1 course. A 
comparison of charts of plates "a" and "b" 
proves that the compression ratio is the 
greatest, plate "b" ensures a more favou-
rable valve functioning. In the other ca-
ses any greater differences do not occur. 
On the grounds of resu1ts of p1ate "a" in-
vestigations, it is easy to see that the 
increase of the lift limiter depth causes 
a considerab1e deterioration of the valve 
functioning at the greatest compression 
ratio. In the 1imiting investigated case, 
when the lift limiter depth was 3,0 mm 
/Fig. 5/ for the greatest compression ra-
tio, strong p1ate oscillations are obser-
ved in the opening phase, which cause tri-
ple and almost complete o1osing of :the va1-
385 
plate ,,.a" plate _,,b~' 
Fig. 4. Oscillograms of charts of "a" and "b" plates displacement wheD the lift limiter depth is 2 , 1 mm. 
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Fig. 5. Oscillograms of charts o
f plate 
"a" displacement when the lift
 limiter 
depth is 3, 0 mm. 
ve and its final closure with 
a strong re-
flection. When the c~mpression
 ratios are 
smaller, a shape of the plate 
displacement 
charts is favourable and simi
lar to the 
charts of the plate when the l
ift limiter 
depth is 2,1 mm. 
CONCLUSIONS 
387 
On the grounds of the investig
ations it 
can be stated that the suction
 valve func-
tioning is correct except two 
highest com-
pression ratios. If we conside
r the whole 
range of the investigated com
pression ra-
tios, it should be noted that 
the use of 
plate "b" ensures a more profi
table valve 
functioning. The increase of t
he lift li-
miter depth over 2,5 mm is useless
 becau-
se it causes a considerable d
eterioration 
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